We investigate the electric form factors of the nucleon and Roper resonance using a quark-diquark model. We find that the charge radii of the nucleon and Roper resonance are almost the same in size.
Introduction
Diquarks have been attracted attention in hadron physics, which play important roles in several phenomena, such as the ratio of the structure functions lim x→1 F n 2 (x)/F p 2 (x) → 1/4, ∆I = 1/2 rule in semi-leptonic weak decays, recent exotic studies and so on 1 .
We have proposed a description of the Roper resonance N (1440)(P 11 ) as a partner of the nucleon 2,3 . In diquark models, the nucleon is described in two types of quark-diquark channels corresponding to two kinds of the diquarks; the scalar diquark (I(J) P = 0(0) + ) and axial-vector diquarks (1(1) − ). Assuming the mass difference between the scalar and axial-vector diquarks to be caused by the spinspin interaction between quarks, the two types of the quark-diquark channels have the mass difference of the order of the spin-spin interaction. It is known that the mass difference between the two diquarks is also a main source of the N − ∆ mass difference of an order of 300 MeV. Hence the two quark-diquark bound states have this amount of the mass difference. Note that when a system would be exactly spin-flavor symmetric, one of the two nucleons is forbidden by Pauli-principle and the nucleon and ∆ resonance would degenerate because they belong to the same spin-flavor multiplet. In the present paper, we report recent results on the electric structure of the nucleon and Roper resonance in the quark-diquark model 3 .
Framework
We recapitulate the chiral quark diquark model, for details see Ref. 2, 3, 4 We start from the SU (2) 
Both the diquarks belong to color anti-triplets and baryons to singlets. The term L I is the quark-diquark interaction, which is written as
where G S and G A are the coupling constants for the quark and scalar diquark, and for the quark and axial-vector diquark, which describe two kinds of bare nucleons as quark-diquark bound states: a bound state of a quark and a scalar-diquark, and of a quark and an axial-vector diquark. While v causes the mixing between the scalar and axial-vector channels. We showed in Ref.
2 that the masses of the nucleon and Roper resonance are reproduced with suitable strengths of the interactions G S , G A ans v. We also showed that a mixing angle of the scalar and axial-vector channels in the baryons is small; the nucleon (Roper) is a scalar (axial-vector) diquark dominant state, which is crucial in the structures of the nucleon and Roper resonance. The electromagnetic interactions of the nucleon and Roper resonance are introduced in the Lagrangian Eq. (1) through the gauge couplings of the quark and diquarks 3 . We effectively include the intrinsic sizes of the diquarks: a monopole type for the scalar diquark and dipole for the axial-vector diquark. The size parameters of the form factors are determined so as to reproduce the charge radii of the proton and neutron. In this model setup, we discuss the electric structures of the nucleon and Roper resonance.
Results
Figures 1 show the electric form factors of the proton and neutron. The four lines show the effects of the intrinsic diquark form factors; case (i) includes the intrinsic form factor only for the scalar diquark, case (ii) only for the axial-vector diquark, case (iii) for both the diquarks and case (iv) for neither the scalar nor axial-vector diquarks.
The inclusion of the scalar diquark form factor enhances the slope of G E p at q 2 = 0 , and suppresses that of G E n , which implies that the charge radii both of the proton and neutron become larger. With respect to the axial-vector diquark, both the slopes of G E p and G E n become larger, which implies that the charge radius of the proton becomes large while that of the neutron becomes smaller. These behaviors are understood as follows. The scalar diquark (ud) carries the positive charge +1/3 both in the proton and neutron, while the axial-vector diquark contains three components with the electric charge (uu, ud, dd) = (+4/3, 1/3, −2/3). In average the axial-vector diquark in the proton (neutron) carries a positive (negative) charge. Including both the scalar and axial-vector diquark form factors, we obtain the reasonable results both for G . Figures 2 show the electric form factors of the Roper resonance. The slope of p * at q 2 = 0 is comparable to that of the proton, but more precisely the slope of p * is slightly larger than that of p. Therefore the charge radius of p * is larger than that of p. This is understood from that the charge radius of p is dominated by the orbital motion of the quark in the scalar channel, while that of p * is dominated by the intrinsic size of the axial-vector diquark owing to the scalar (axial-vector) diquark dominance of the nucleon (Roper resonance). With respect to the neutron component, the charge radius of n * takes almost same value as n. For the charge radius of n, the orbital motion of the d-quark with the charge −1/3 and the intrinsic size of the scalar diquark with +1/3 almost cancel. The former is slightly larger than the latter, therefore the charge radius of n is negative. Owing to the similar cancellation mechanism, the charge radius of n * is also negative. In the case of n * , the orbital motion of the quark and the intrinsic size of the axial-vector diquark are almost same size. Hence the charge radius n * become positive when we employ the axial-vector diquark size larger than 0.8 [fm] .
In summary, we have investigated the electric form factors of the nucleon and Roper resonance in the chiral quark-diquark model. We showed that the nucleon and Roper resonance have almost the same size in both the proton and neutron components.
In conventional pictures of the collective excitation of the Roper resonance, the charge radii of the Roper resonance are larger than those of the nucleon both for the proton and neutron components. In the quark-diquark picture, the Roper resonance is a spin-partner of the nucleon with the different spin component. In this case the charge radii of the Roper resonance become comparable to those of the nucleon and are smaller than those predicted in the collective pictures.
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